Hama Amin -Towfiq: Inheritance of grain yield and its related characters for 5×5 diallel cross of F1 bread wheat - Abstract. A full Diallel cross among five cultivars of common wheat (Triticum aestivum L.) with their twenty F1 progeny were evaluated at Kurdistan Reign-Iraq at two different locations, Kanipanka and Qlyasan, during the winter season of 2017-2018 using Completely Randomized Block Design (CRBD) with three replications. The mean squares of genotypes were highly significant for all studied characters. Parent Iba-95 at Kanipanka location produced highest value for grain yield/plant, while at Qlyasan location the highest value was provided by the Kauz parent. Maximum heterosis value for grain yield/plant at Kanipanka location produced by the reciprocal cross Klal×Kauz was 7.425%, while at Qlyasan location the diallel cross Hasad×Iba-95 reached 71.402%. Klal parent at both locations was the best general combiner for grain yield/plant and some yield components. The cross Aras×Iba-95 was found to be the best specific combiner for most characters at both locations. The inheritance of most characters is controlled by non-additive gene effect. Heritability in broad sense for most characters was moderate to high, while for narrow sense it was low to moderate. Grain yield/plant exhibited positive and significant correlation with most its important components at both locations. Maximum positive direct effect in grain yield recorded by weight of spikes/plant and biological yield/plant at both locations respectively.
Introduction
Wheat species of the genus Triticum L. are members of the Triticeae Dum. Tribe of the Poaceae Barn family and represent the world's most important monocotyledenous cereals (Anonymous, 2015) . The aestivum species is one of the most important crops all over the world. Increasing production per unit area seems to be one of the great factors for narrowing the hole between wheat production and consumption (Ismail, 2015) . Bread wheat is the most important food crop in our country and is the main source of protein and energy. Among the cereals, bread wheat is commonly identified as a species with a higher requirement of nutrients (Al- Naggar et al., 2015) . According to the FAO statistics, 349 million tons of wheat was produced in 2016 and more than 220 million hectare of the world farmlands were under wheat cultivation (FAO, 2016) . Due to the persistent increase of the world population, wheat plays a key role in the national economy of developing countries. Wheat production can be increased either by bringing more area under cultivation or vertically by increasing per unit yield. It is not possible horizontally to increase area under wheat due to other competing crops and shortage of irrigation water. Therefore, the only alternative left is to increase yield/ha, which is possible by introducing genetically superior new high yielding cultivars that are adapted to a wider range of environments. Wheat breeders, all over the world, have been utilizing the existing genetic resources to modify the wheat varieties in order to meet the requirement of an ever increasing population (Sprague and Tatum, 1942) . Most of the
Statistical analysis

Combining ability analysis
The (gca) and (sca) were estimated using the general linear model for the analysis which takes the formula of (Singh and Chaudhary, 2007) . Yijk: observed value of the experimental unit, µ: populations mean, gi: general combining ability (gca) effect for the i th parent, gj: general combining ability (gca) for the j th parent, sij: specific combining ability (sca) for the diallel crosses involving parent i and j, Rij: specific combining ability (rca) for the reciprocal crosses involving parent i and j, rk: replication (block) effect, and 
Estimation of general, specific combining ability and reciprocal effects
Estimation of heritability
The term heritability has been further divided into broad sense and narrow sense, broad sense heritability was calculated by dividing genotypic variance by total variance and narrow-sense heritability was calculated by dividing additive genetic variance by total variance (Singh and Chaudhary, 1985 Estimation of average degree of dominance
If: ā = zero denote no dominance, ā < 1 denote partial dominance, ā = 1 denote complete dominance, ā > 1 denote over dominance.
Analysis of variance for full diallel cross according to (Griffing, 1956b) ...
bp Y Yijk
Climate conditions of Sulaimani Governorate
The climate of Sulaimani governorate is semi-arid environment: hot and dry in summer; cold and wet in winter. During July and August, the average temperature is between 39-43 °C, and often reaching nearly 50 °C. Autumn means high temperatures are 20-30 °C in October, cooling slightly in November. Precipitation is limited to winter and spring months, and the overall average annual rainfall of 550-700 mm was at Sulaimani city. An overview of experimental conditions is given in (Table 1) . 
Soil analysis
Soil samples belonging to both locations were taken from experimental sites in Sulaimani governorate in Kurdistan region, Iraq. The samples were taken from surface (0-30 cm), the soil samples were air dried and ground to pass through a 2-mm sieve prior to analysis, shown in (Table 2) . 
Results
The analysis of variance represent in Table 3 was carried out according to Fisher (1918) to estimate the significant differences among genotypes. General and specific combining ability variances and effects were determined. The analysis of variance revealed highly significant differences among the genotypes for all characters. This signified the presence of wide diversity among the genotypes at both locations. The estimates of gca and sca variances represented in the same table, confirmed that both additive and non additive gene effects were important for the inheritance of different characters. The mean squares for gca were highly significant for all characters except weight of spikes/plant, and grain yield/plant which were significant, and not significant for spike length, biological yield/plant and harvest index at first location, but at second location were highly significant for all characters except spike length and biological yield/plant which were significant and it was not significant for weight of spikes/plant and grain yield/plant. The mean squares for sca was highly significant for weight of spikes/plant, grain yield/plant and harvest index, and it is significant for spike length, and biological yield/plant at first location, while at second location it was highly significant for weight of spikes/plant, biological yield/plant and grain yield/plant, but it was significant for spike length, and harvest index. Data in Table 4 illustrate the performance of the genotypes at both locations. At the first location the cross Hasad×Aras produced maximum grain yield/plant reached 51.852 g, but for biological yield/plant it was 161.159 produced by the cross Iba95×Klal. Iba-95 parent showed the best value for grain yield/plant 60.724 g, and some components such as weight of spikes/plant, number of grains/spike, and biological yield/plant reached 86.160, 80.733 and 170.901 g respectively. At the second location maximum grain yield/plant was 38.962 g recorded by the cross Hasad×Aras, and maximum weight of 1000-grain was 59.403 g produced by the same cross. Kauz parent at the same location produce the highest value for grain yield/plant, harvest index and weight of spikes/plant reached 33.902 g, 0.384 and 43.252 respectively.
The estimation of heterosis value represent in Table 5 determined as the percentage of F1s deviation from mid parental value. For all characters positive and negative heterosis values were present. Maximum positive heterosis value for the grain yield/plant was 7.425% recorded by the cross Klal×Kauz at the first location, while at the second location reached 71.402% for the cross Hasad×Iba-95, which recorded the highest positive heterosis for some components such as average spike weight and weight of grains/spike. All characters had shown considerable amount of heterosis over mid parents. Table 6 illustrates the general combining ability effect of parents. Klal parent was the best general combiner for grain yield/plant and number of spikes/plant, while Hasad parent and Iba-95 was the best combiner for most components at the first location. At the second location Klal was the best general combiner for grain yield/plant, number of spikes/plant and weight of spikes/plant, while Hasad parent was the best general combiner for average spike weight, weight of grains/spike, 1000-grain weight and biological yield/plant. Present findings are in confirmation with Kumar Data represent in Table 7 illustrate the estimation of sca effects for crosses. The cross Kauz×Klal was the best specific combiner for grain yield/plant, but the cross Aras×Iba-95 was the best specific combiner for most traits including average spike weight, spike length, number of grains/spike, weight of grains/spike and harvest index in the first location. At the second location the cross Aras×Iba-95 was the best specific combiner for grain yield/plant, number of spikes/plant, weight of spikes/plant and spike length, while the cross Aras×Klal recorded the best specific combiner for average spike weight, number of grains/spike and weight of grains/spike, similar results reported previously by Kapoor The estimation of specific combining abilities for reciprocal crosses represent in Table 8 . At first location the cross KauzxAras produced maximum rca value for grain yield/plant, spike length and harvest index, while at second location the reciprocal cross Iba-95xKlal exhibited the highest rca value for grain yield/plant, weight of spikes/plant and biological yield/plant, while the cross KauzxHasad was the best specific combiner for average spike weight, spike length and number of grains/spike. Data in Table 9 revealed that both additive and non additive gene effects were most important in the inheritance of different characters at both locations. The estimated value of σ²gca for the characters average spike weight, weight of grains/spike and 1000-grain weight was higher than its σ²sca, which indicates the predominance of additive gene effect as the ratio of σ²gca/σ²sca was more than unity, while the rest showed the predominance of non-additive gene action at first location. At the second location the estimated value of σ²gca was higher than its σ²sca for number of spikes/plant, average spike weight and 1000-grain weight. The average degree of dominance value for the characters average spike weight, weight of grains/spike and 1000-grain weight indicated partial dominance, and the rest showed over dominance at the first location, while at the second location the characters number of spikes/plant, average spike weight and 1000-grain weight showed partial dominance. The estimation of heritability in broad sense represent in the same table was found to be moderate to high for almost all characters, while in narrow sense it was found to be low to moderate for all characters at both locations except number of spikes/plant, average spike weight and 1000-grain weight at the first location which was found to be high. http The simple correlation coefficient among studied characters for both locations represent in Table 10 . At first location number of spikes/plant correlated positively and significantly with weight of spikes/plant, biological yield/plant and grain yield/plant 0.498, 0.416 and 0.407 respectively, while it correlated negatively and high significantly with weight of grains/spike -0.670, but negative and highly significant correlation was recorded between number of spikes/plant and 1000-grain weight -0.543. Positive and highly significant correlation was recorded between weight of spikes/plant with biological yield/plant and grain yield/plant 0.802, 0.853 respectively. Spike length correlated positively and significantly with number of grains/spike 0.477. Number of grains/spike showed negative and highly significant with 1000-grain weight -0.644, but weight of grain/spike associated positively and high significantly with 1000-grain weight 0.610. Biological yield/plant recorded negative and highly significant correlation with harvest index -0.691, whilst it correlated positively and highly significant correlation with grain yield/plant. At second location number of spikes/plant showed positive and highly significant correlation with weight of spikes/plant and grain yield/plant 0.618 and 0.675 respectively, but it correlated negatively and significantly with 1000-grain weight -0.444. Weight of spikes/plant recorded positive and highly significant correlation with number of grains/spike and grain yield/plant 0.538 and 0.820 respectively, whilst it correlated positively and significantly with biological yield/plant 0. correlation was recorded between biological yield/plant and harvest index -0.616, while positive and highly significant correlation was recorded between biological yield/plant and grain yield/plant 0.543. Previously it could be noticed that harvest index was significantly and positively correlated with number of spikes/plant, plant height, spike length, 1000-grain weight and grain weight/spike. Number of spikes/plant was significantly and positively correlated only with plant height, while it was negatively associated with spike length and1000-grain weight as well as positively correlated with grain weight/spike. Moreover, plant height was significantly and positively correlated with 1000-grain weight and grain weight/spike. In the same time, spike Length was significantly and positively correlated with 1000-grain weight and grain weight per spike.1000-grain weight were significantly and positively correlated with grain weight/spike (Mohsin et al., 2009; Fellahi et al., 2013; Motawea, 2017) . Table 11 illustrate the direct and indirect effects of grain yield components in grain yield/plant at both locations. At first location maximum positive direct effect recorded by weight of spikes/plant 0.504 and followed by biological yield/plant 0.493, while maximum negative direct effect was -0.079 recorded by spike length. Maximum positive indirect effect in grain yield/plant was 0.405 recorded by weight of spikes/plant via biological yield/plant, and followed by 0.395 for biological yield/plant via weight of spikes/plant. At second location biological yield/plant recoded maximum positive direct effect in grain yield/plant 1.094 and followed by harvest index 0.983. Maximum negative direct effect was -0.252 recorded by number of grains/spike and followed by -0.208 for number of spikes/plant. Maximum positive indirect effect in grain yield/plant was 0.551 recorded by biological yield/plant via weight of spikes/plant, and followed by 0.433 for biological yield/plant via spike length. Maximum negative indirect effect was -0.664 recorded by biological yield/plant via harvest index, and followed by -0.597 for harvest index via biological yield/plant. 
Discussion
The analysis of variance confirmed highly significant genotype effect for all characters under the study. This provides evidence of the presence of sufficient genetic variability among genotypes at both locations. The mean squares due to genotypes were highly significant for all characters at both locations except number of spikes/plant and average spike weight which was significant at the second location. The results indicated that the data for all traits studied can be analyzed further to estimate general and specific combining ability effects. Similar results reported previously confirmed that both gca and sca variances were significant for most of the characters indicating importance of both additive as well as non-additive components of genetic variance in the control of these traits (Kumar et (Romanus et al., 2008) . The general combining ability has been equated with additive gene action and specific combining ability with non-additive gene action (Griffing, 1956b) .
All characters had shown considerable amount of heterosis over mid parents. These results are in confirmation with Devi et al. (2013) and Rahul and Kandalkar (2018) . To improve any character, plant breeders heavily rely on the availability of genetic variability generated from different matting designs. It is also well known phenomena that in a hybridization program, certain crosses pass on more favorable genes than the others. Thus, some cross associations may be superior as compared to their parents for improving any economic traits (Baloch et al., 2016) .
Combining ability plays a major role for estimation of inbred in terms of their breeding value, which help to decide suitable breeding method to be used in segregating generation. The gca is primarily a function of additive genetic variance it helps in the selection of good general combiner parents for hybridization (Rahul and Kandalkar, 2018 The estimation of sca effects for crosses is mainly a function of dominance variance, helps in the identification of superior cross combination for commercial exploitation of heterosis.
The non-additive gene effect controlled the inheritance of most characters. Several researchers reported the predominance of non-additive gene effect (Bhowmik et Unlike the correlation coefficient, which measures the extent of the relationship, the path coefficient measures the magnitude of direct and indirect contribution of a component character to a complex character and it has been defined as a standardized regression coefficient which splits the correlation coefficient into direct and indirect effects (Arbuckle, 2009 ). Path coefficients have been used to develop selection criteria for complex traits in several crop species of economic importance such as wheat (Larik, 1979; Aydin et al., 2010) . Path analysis grains/spike followed by 1000-grain weight, spikes/plant and harvest index had positive direct effects on grain yield of bread wheat obtained from Majumder et al. (2008) . The path coefficient analysis provides more information among variables than do correlation coefficients since this analysis provides the direct effects of specific yield components on yield and indirect effects via other yield components (Arshad et al., 2006) . In agricultural, path analysis has been used by plant breeders to assist in identifying traits that are useful as selection criteria to improve crop yield (Dewey and Lu, 1959; Milligan et al., 1990) . In a study of path analysis it was indicated that 1000-grain weight had the highest positive direct effect on yield followed by spike length, while plant height and grains/spike had a negative direct effect on yield .
Conclusion
It can be stated that enough genetic variation existed among the studied genotypes for most of the studied traits. Additive and non-additive gene effects were involved in the expression of all traits. Thereafter, it is recommended that breeding methods, which make the best use of additive effects such as direct selection, are applied for those traits where dominant effects are negligible. However, using hybrid vigor will be more http://www.aloki.hu • Proportion of variances due to sca confirmed the predominance of dominant genes in the expression of majority of the traits. Among the parents, the Klal parent at both locations were the best general combiner for grain yield and some of its components, and thus can reliably be used in a hybridization program so as to select the desirable plants from segregating populations. So, it is concluded that this parent may be used in breeding program to develop high yielding wheat varieties. The cross Kauz×Klal was the best specific combiner for grain yield/ plant, but the cross Aras×Iba-95 was the best specific combiner for most grain yield components at the first location, while at the second location the cross Aras×Iba-95 was the best specific combiner for grain yield and most its components that can be used in developing cross varieties. The characters with high estimates of heritability indicated the presence of additive genes effect in their inheritance, and suggested reliable wheat improvement through selection.
Recommendation
Klal parent was a good general combiner for grain yield/plant, biological yield/plant, number of spikes/plant, weight of spikes/plant and number of grains/spike, which could be used in the development of high-yielding varieties using selection from promising segregating cross generations.
It was recommended to conduct a favourable selection method to the cross Aras×Iba-95 in the future to develop new common wheat variety.
The varieties should be tested at different locations along with growth seasons to evaluate these traits, so that these traits are more inconsistent in different growth seasons.
